Considering the gravity effect from the ice-sheet, Free-air and Bouguer anomalies were calculated by using precise GPS locations. Furrowed and basin-like negative Free-air anomalies were observed in middle and northern parts of the profile. Bouguer anomalies were calculated by two bedrock elevation data obtained from seismic refraction and radio-echo sounding. High resolution model for bedrock elevation by radio-echo sounding was applied in determining the crustal thickness.
Introduction
Several geophysical investigations have been carried out to understand the physical characteristics beneath the continental ice-sheet on Mizuho Plateau, East Antarctica by the Japanese Antarctic Research Expedition (JARE). The Mizuho Plateau is a part of the Paleozoic Lützow-Holm Complex (LHC), which is known as a region which experienced a metamorphic event in 550 Ma [1] . Before this study, land traverse gravity surveys were conducted for several times on the Plateau since 1961 [2] [3] [4] [5] . A significant inclination of the Moho discontinuity from inland plateau area to the coast along the MizuhoDome-F routes was analyzed by the previously obtained gravity data [6] . In these previous studies, however, a station spacing of the gravity measurements was about a few km or larger, therefore it requires that the station interval be more dense to address detail discussion about the fine structure.
A multidisciplinary geosciences project on "Structure and Evolution of the East Antarctic Lithosphere (SEAL)" had been conducted in the Western Enderby LandEastern Dronning Maud Land in a framework of JARE [7, 8] . As a main component of the SEAL project, the JARE-41 conducted deep seismic exploration (refraction and wide-angle reflection surveys), as well as the gravity measurements with a dense station distribution along the Mizuho traverse routes in austral summer of 1999-2000 [9] . A P-wave velocity structure of the ice-sheet and uppermost crustal layer along the profile were obtained by analyzing the recorded travel-time data [10] . [11] obtained gravity anomalies beneath the Mizuho traverse routes. The estimated density model by [11] indicates that the Moho discontinuity slightly declines about 1 km from coast to inland over 200 km in length.
In succession to the JARE-41 field operation, a similar seismic exploration was held on the Mizuho Plateau by the JARE-43 in austral summer of [2001] [2002] . The specifications of the seismic observations and instrumentations were the same as those of JARE-41. The survey profile of JARE-43 intersects the JARE-41 profile at "H176" point and spreads out to NNE-SSW direction with 150 km in length (Figure 1 ). More detailed specifications of the JARE-43 seismic surveys are referred to [12] . Dense gravity measurements were also conducted along the JARE-43 profile. In this paper, we represent the details of the gravity measurements, and demonstrate the obtained Free-air and Bouguer gravity anomalies along the survey line by JARE-43.
Gravity Survey

Gravity Measurements
The land traverse gravity measurements were conducted using a SCINTREX (CG-3M; model: 858011, serial No. 9507278) gravimeter at 1 km interval along the survey line. The number of measurement points was 151 (Table 
1).
Since the survey line was located over 100 km apart from the gravity reference point at Syowa Station (SYO; 69.0S, 39.6E), we set up two temporal gravity reference points at both S16 and H176. These reference points were linked to the absolute gravity point (IAGBN-A) at SYO and gravity values of the points were determined using the absolute gravity value of 982524.327 mgal [13] . In the gravity measurements, we did not adopt the closed loop method which was usually used in conventional gravity surveys. Instead, we carried out the gravity measurements more than twice at several stations including S16 and H176 reference points. If the three successive measurements agreed within a certain allowance revel (10 micro-gal), the final gravity value at the point was determined to be a mean value of these three measurements. The drift rate throughout the total measurement period of 48 days was 0.47 mgal/day and we found no significant jumps in reading the values. Figure 2 shows the drift rate throughout the measurement period by joining the reading values at S16 and H176.
GPS Measurements
In order to determine precise positions of the gravity points, we used dual-frequency GPS (Ashtech Z type recievers). To determine coordinates of a point, we recorded 20 minutes GPS data for every 5 s sampling interval. The coordinates of almost the points were precisely calculated on the WGS-84 ellipsoid by rapid static positioning method between the each point and the permanent GPS station at SYO. In contrast, the coordinates of a few numbers of points were calculated by means of "autogipsy" on the basis of the global GPS database (http://gipsy.jpl.nasa.gov). 
Gravity Anomaly Calculations
Methods
The Free-air anomaly g ∆ is calculated by the following formula, 0.30839 0.87 0.0000965
where g is the measured gravity value (in mgal), γ is the normal gravity defined on the reference ellipsoid 1980 (in mgal), and H is the WGS-84 ellipsoidal height of the gravity point (in meter). Then, the simple Bouguer anomaly ' g ∆ is calculated by the formula,
where G is the Newton's gravitational constant, c ρ is the density of bedrock assumed to be 2.55 or 2.75 g/cm 3 so as to correspond to the final density models; i ρ is the density of the ice assuming as 0.9 g/cm 3 , and h is the elevation of the bedrock in meter.
Ice-Sheet Surface and Bedrock Elevations
In order to calculate the simple Bouguer anomaly, it is necessary to remove the effect of the ice-sheet overlaying the bedrock surface. Two kinds of dataset for the bedrock elevation (that is reduced from ice-sheet surface to the ice-sheet thickness) beneath the survey line are available. The one is a result from the radio-echo sounding simultaneously conducted at the survey ( [14] , Figure 4) , the other is obtained from seismic travel-time analysis [15] . Figure 5 shows the distribution of surface elevation and bedrock elevation of these two data sets. It is clear that the bedrock elevations obtained by seismic travel-time analysis is generally deeper than those obtained by the radio-echo sounding. It is noted that the maximum errors technically anticipated are 100 m for the radio-echo sounding [16] , and 350 m for the seismic data [10] : These maximum elevation errors could firmly produce the Bouguer anomalies about 7 mgal and 25 mgal, respectively.
It is also noted that the bedrock elevations from radioecho sounding were not actually determined at several points, due to a mechanical trouble of the radar instrument. Moreover, there were several places where no reflected signals from the bedrock by the radio-echo sounding, in particular around the points over the furrowed bedrock topography in central part of the profile (point C in Figure 5 , the cross-section between two profiles by JARE-41 and -43). This furrowed bedrock topography was also observed at the Mizuho traverse routes by both the radio-echo sounding and the seismic traveltimes for JARE-41 analyses [10, 16] . Unfortunately, it may be difficult to make accurate evaluation for which elevation model could be geophysically and glaciologically more plausible. Therefore, in this paper, we shall calculate the simple Bouguer gravity anomalies by applying for both these two bedrock elevation models. Table 1 shows the coordinates, observed gravity values, obtained Free-air and Bouguer anomalies, together with bedrock elevations at the gravity measured points. Freeair and Bouguer gravity anomalies are also illustrated in Figures 5 and 6 , respectively. Figure 5 indicates a fine correlation between the Free-air gravity anomalies and the bedrock topography along the profile. Free-air gravity anomaly varies in +38 and −3 mgal. Furrowed negative free-air anomalies around H176 (point C in Figure 5 ) implies an existence of a valley structure as seen in the same manner for the bedrock topography. Around this valley, there is no reflected signal recorded from the bedrock by the radio-echo sounding data.
Free-Air and Bouguer Anomalies
The calculated Bouguer gravity anomalies varies in −10 to −60 mgal (Figure 6 ). Variation in Bouguer anomalies in adjacent measurement points might be caused chiefly by those of bedrock elevation retrieved from both radio-echo soundings and seismic surveys. Hereafter, therefore, we discuss about the characteristics of Bouger anomalies in long period wave-length over few tens of km while constructing the crustal density models. The short-period wavelength variations in Bouguer anomalies supposed to be caused by the small scale heterogeneity in topmost crustal layer including sediments, otherwise a mixture layer composed from ice and moraine rocks spreading over the bedrock beneath continental ice sheet. The negative gravity anomaly suggests the evidence of the thick crust, or the existence of low-density materials are underlying. The Bouguer anomalies in the south and the central parts of the profile have not so much variations and it means that the density discontinuity of the deeper part of the crust could be in less horizontal variation. On the contrary, the low velocity zone in the upper crust at the northern profile (B' in Figure 6 ) is implied by the increasing Bouguer anomalies. A "ridge shaped" Bouguer anomalies at H176 (C in Figure 6 ) is probably 154 related to the underlying furrowed bedrock topography.
Discussion
As a main program of the SEAL deep exploration in austral summer in 2001-2002 by JARE-43, wide-angle reflection and refraction survey was carried out along the seismic profile on the Mizuho Plateau. [15] proposed velocity variations and three prominent seismic velocity boundaries along the profile. The P-wave velocities of the upper crust was identified to have lateral variations of 5.9 km/s in the north, 6.0 km/s around the point C (H176), and 6.1 -6.2 km/s in the center and south of the profile. The first boundary was determined by reflection phases at 19 km in depth between the upper and the middle crust. The second boundary was recognized by reflected waves from the lower crust at 30 km in depths.
The third boundary was determined by prominent reflection phases from the Moho at 40 km in depths. However, the inclination of the Moho boundaries are not identified without any significant seismic phase information, because they cannot detect the refracted waves from the Moho (Pn waves) by the experiment caused by the short length less than 200 km over the whole profile. Shallow part of the crust velocity model by [15] corresponds to the gravity-based model from this study. Lateral variations in P-wave velocities in the upper crust can be explained by assuming the low-density material in the topmost crust. For further study, we might investigate the validity of this boundary's variation by means of a comparison with the other available geophysical data such as geomagnetic anomalies, satellite gravity, together with detail reflection imaging.
Conclusion
A gravity survey was carried out on the Mizuho Plateau as one of the geophysical measurements by the SEAL exploration in [2001] [2002] . The gravity measurements were conducted along the seismic profile of 150 km in length. Free-air and Bouguer anomalies were calculated using the precise locations determined by GPS observations, by considering the effect of thick ice-sheet. The furrowed and basin-like negative Free-air anomalies were obtained in the central and northern parts of the profile. The crustal thickness was demonstrated so as to fit the observed Bouguer anomalies. Our gravimetric results are almost corresponding to the P-wave velocity structure by refraction and wide-angle reflection study [15] .
